Upstream polybasic region in peptides enhances dual specificity for prenylation by both farnesyltransferase and geranylgeranyltransferase type I.
Protein farnesyltransferase (FTase) and protein geranylgeranyltransferase type I (GGTase I) catalyze the attachment of a farnesyl or geranylgeranyl lipid, respectively, near the C-terminus of their protein substrates. FTase and GGTase I differ in both their substrate specificity and magnesium dependence, where the activity of FTase, but not GGTase I, is activated by magnesium. Many protein substrates of these enzymes contain an upstream polybasic region that is proposed to increase the affinity of the substrate and aid in plasma membrane association. Here, we demonstrate that the addition of an upstream polybasic region to a peptide substrate enhances the binding affinity of FTase approximately 4-fold for the peptide but diminishes the catalytic efficiency of the reaction, reflected by decreases in both the prenylation rate constant and kcat/KM. Specifically, the prenylation rate constant decreases 7-fold at 5 mM MgCl2 for the peptide KKKSKTKCVIM (C-terminal sequence of K-Ras4B) in comparison to TKCVIM. This decrease is accompanied by an alteration in the dependence on magnesium, as the K(Mg) increases from 2.2 +/- 0.1 mM for TKCVIM to 11.5 +/- 0.1 mM for KKKSKTKCVIM. The presence of an upstream polybasic region does not significantly affect GGTase I-catalyzed reactions, as only minimal changes are seen in Kd, kcat/KM, and k(chem) values. Thus, the presence of an upstream polybasic region enhances the dual prenylation of these substrates, by decreasing the catalytic efficiency of farnesylation catalyzed by FTase to a level comparable to that of geranylgeranylation catalyzed by GGTase I.